Evidence for an association between dietary proteins and the risk of hypertension in rural Chinese adults, whose diets are protein-poor and unbalanced, is limited. The aim of this study was to investigate the effect of dietary proteins on hypertension among adults of rural western China. A cross-sectional survey was conducted in Hanzhong, China, and 2241 residents were included in the analysis. Logistic regression models were used to examine whether dietary proteins (total, plant and animal protein) were independently correlated with hypertension. The total protein intake was inadequate (51.7 g per day for male and 40.1 g per day for female), accounting for 56-71% of the Chinese recommended nutrient intakes or adequate intakes. Nearly 80% of protein intake derived from plants, especially grains, and the proportion derived from plants was higher in females than in males. The daily animal protein intake was 12.1 g for males and 8.3 g for females. For females, no significant association was found between hypertension and total protein or plant protein intake. However, animal protein intake was significantly and negatively associated with the risk of hypertension after controlling for demographic characteristics, lifestyle factors, body mass index and other dietary nutrients. In addition, the odds ratio for the upper quartile compared with the bottom quartile was 0.64 (95% confidence interval, CI: 0.43-0.95, P for trend o0.05). Furthermore, a significant decrease of 1.082 mm Hg (95%CI: 0.189-1.975) in systolic blood pressure and 0.668 mm Hg (95%CI: 0.105-1.232) in diastolic blood pressure was observed per s.d. increase of animal protein intake in females. For males, we did not observe a significant association between dietary proteins and hypertension or blood pressure. In conclusion, for the western rural Chinese population, especially women, whose dietary protein intake is low and largely derived from plants, the intake of animal protein may be related to a decreased risk of hypertension.
INTRODUCTION
Hypertension is a common and major public health concern in China, in light of its high prevalence in adults, especially the elderly, and its crucial role in increasing the risk of stroke, coronary heart disease and premature death. [1] [2] [3] Hypertension is estimated to affect 330 million adults (over half of whom are rural inhabitants) in China in 2010, and 1.56 billion adults worldwide are projected to have the disease by 2025. 4, 5 Hypertension can severely damage cardiovascular function and is ranked fifth as a cause of disability-adjusted life years. 1 With the aging population, this disease exerts an increasingly tremendous social economic burden on health-care resources. 5 Unfortunately, the treatment and control rates of hypertension remain very low. 6, 7 Considerable evidence has indicated that various environmental factors, including smoking, physical activity and diet quality, can affect blood pressure. 8 However, there is limited evidence on the effects of diet on hypertension, particularly with respect to nutrients among different populations. In addition, the reported effects of dietary proteins on hypertension are inconsistent throughout the literature. 9 Systemic reviews and other epidemiological studies have indicated that increasing dietary protein intake reduces the risk of hypertension, which may be most apparent in populations with elevated blood pressure or in the elderly. 10, 11 The research on plant versus animal protein, however, remains inconclusive. Some studies have found that plant protein, but not animal protein, is associated with reduced blood pressure, 12 whereas others have demonstrated that animal protein may lead to healthy reductions in blood pressure and other cardiovascular markers in healthy and hypertensive persons. 11, 13, 14 Moreover, the association between dietary protein and hypertension could be affected by the type of protein, the protein food source and the participants investigated. The Chinese diet is characterized by a higher percentage of plant foods but less animal foods, especially in rural areas of China, which differs from that of typical western diets. 8, 15 Measurement of protein intake has been limited to total protein intake in Chinese population regardless of using the method of biological markers, 24-hour dietary recalls or food weighing methods. The evidence for an association between specific sources of protein and blood pressure is limited. Furthermore, it is unclear whether a gender difference in dietary patterns exists, and if so, what the effect of gender difference is on the prevalence of hypertension in China. 15, 16 Therefore, a population-based study was conducted in western China to investigate the prevalence of hypertension and to explore its key risk factors. In this study, we examined the independent effect of dietary protein intake on hypertension, focusing on specific types of protein after controlling for lifestyles, nutrients and other potentially confounding factors.
METHODS

Study setting
Hanzhong is located in the Shaanxi Province of western China with a population of 3.82 million, 78.7% of which live in rural areas. Hanzhong is the first region in China to begin blood pressure monitoring and to promote the prevention and control of hypertension. Most of the monitoring activities and research have been implemented in the Hantai district of Hanzhong. Approximately 55 000 inhabitants live in the Hantai District, which is spread over 9 rural townships and includes 75 villages. Farming and migrant work are the main economic activities. The prevalence of hypertension in adults in rural areas is 34.3%, and the dietary habits of the rural adult population are characterized by low caloric and protein intake, similar to other rural areas in China. 17 A cross-sectional and population-based study was conducted in rural Hantai of Hanzhong in 2010 to investigate the prevalence of hypertension and its risk factors among rural adults. Participants were interviewed in person by trained professional interviewers from the Faculty of Public Health of Xi'an Jiaotong University regarding their blood pressure, demographic and lifestyle characteristics, history of disease and diet. Informed consent was obtained from the participants before the investigation. The study was approved by the Ethics Review Committee, School of Medicine, Xi'an Jiaotong University (Number: 2002001).
Study participants
This study included adults aged 18 to 80 years living in rural Hantai of Hanzhong. A sample size of 2585 was estimated based on the 18.6% prevalence of hypertension reported in the 2002 Chinese National Nutrition and Health Survey (2002 NNHS), given a of 0.05 and an error of 15%. Considering an expected 20% no-response rate, particularly for our investigation with a semiquantitative food frequency questionnaire (FFQ), the sample size was expanded to 3102. The stratified randomized cluster sampling method was used to obtain the sample. All the nine townships of Hantai were involved as strata. For each township, four villages were sampled randomly. In the sampled village, 90 participants were selected randomly based on a list of residents who were aged 18 to 80 years. All available residents in the study villages were informed of participation in this survey, and the village doctors assisted in the organization of field work, including sampling and investigation.
A total of 3021 participants were investigated. In this study, we excluded 652 participants who reported a history of nutrition-related diseases (stroke, diabetes and hyperlipidemia), those who reported taking antihypertensive medication, as well as those who suffered from several diseases simultaneously. In addition, approximately 128 participants who reported an implausible caloric intake (beyond three s.d.s from the sex-specific log etransformed mean caloric intake 18 ) or who were missing 450% of the responses to food items were excluded. The total data included in the current analysis included 2241 participants (774 for men and 1467 for women). Figure 1 indicates the flow diagram of participants involved in the nutritional study.
Dietary assessments
A semiquantitative FFQ with nine frequency categories ranging from never to four or more times per day was used to measure the frequency of foods and to estimate the nutrient intake of each participant. 19 The FFQ was established and revised based on the validated FFQ used for reproductive-aged women in rural western China. 20 The validity correlations between the mean caloric-adjusted nutrient intake estimated by the FFQ and the mean caloric-adjusted intake from 3-day 24-hour dietary recalls ranged from 0.4 to 0.8. The correlations of caloricadjusted protein intake ranged from 0.64 to 0.67 across gender groups. 20, 21 Some local foods, including rice crust, serofluid dishes, tofu mixed with preserved leaf vegetables, bacon and rice wine, were added to the questionnaire in view of the special eating habits in rural Hanzhong. The final version of the FFQ included 81 items: cereals and potatoes (10 items), vegetables (22 items), meat and fish (11 items), dairy and beans (8 items), fruits (10 items), nuts and snacks (11 items) and alcoholic beverages and soft drink beverages (9 items).
During the FFQ investigation, participants were asked to report their frequency of intake and the portion size for each food item with the assistance of an image of a food portion 21, 22 or by the selection of a predefined standard portion when no image was available. Dietary information obtained using the FFQ was coded, computerized and transformed into estimates of daily energy (kcal) and nutrient intake according to the 2004 China Food Composition Table. 23 Nutrient intake from foods was log e -transformed and caloric-adjusted to 2100 kcal per day for men and 1700 kcal per day for women by the residual method. 24 Nutrient reference values were from the Chinese dietary reference intakes. 23 Given that the participants were rural residents, Chinese dietary reference intakes with a moderate physical activity level was used. The reference values were recommended nutrient intakes by age and gender. Recommended nutrient intakes of protein were as follows: 80 g per day for men aged 18-59 years; 70 g per day for men over 60 years; 75 g per day for women aged 18-59 years; and 65 g per day for women over 60 years.
Blood pressure and anthropometry
The day before the medical examination, the participants were informed by the village doctors that they should fast for X8 h and avoid heavy physical activity. Blood pressure was measured on the right arm of the seated subjects by doctors of the People Hospital of Hanzhong who used a GB 3053-82 mercury sphygmomanometer. Two measurements were taken at 1-min intervals. Systolic and diastolic blood pressures were recorded as phase I and phase V Korotkov sounds. 25 The average blood pressure of the two measurements was used in the data analyses. According to a criterion formulated by World Health Organization/International Society of Hypertension (WHO/ISH), 26 hypertension was defined as a systolic blood pressure X140 mm Hg and/or a diastolic BP X90 mm Hg or the use of antihypertensive medications. 27 Anthropometric measures, including body weight, height, waist and hip circumferences and pulse, were collected by trained medical personnel according to standard procedures. Weight was measured on a calibrated electronic scale (Tanita HD-305, Tanita (Shanghai) Trading, Shanghai, China), with participants removing all heavy clothes and shoes. The weight was measured to the nearest 0.1 kg. Height was measured with a height-measuring tape (LD-SG01, Ningbo Land Co-operation, Ningbo, China) to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. 28 
Other measurements
Standardized interview questionnaires were used to collect the information on demographics (age, gender, race, marital status, education, occupation, transportation, family history of hypertension, and so on), history of disease (hypertension, diabetes, hyperlipidemia and stroke) and lifestyle (physical activity, alcohol intake and cigarette smoking). Education was represented as the total years of schooling, which was classified into primary school (school years p6), secondary school (6-9 school years) and senior school and higher education (school years 49). The lifestyle questionnaire queried the frequency and time spent in leisure, occupational, farming and household physical activity per month over the past 12 months. Physical activity levels were summarized as low, moderate or high intensity. Cigarette smoking was categorized as never, former and current; the current smokers were further Dietary protein intake and the risk of hypertension R Liu et al classified into two categories (o15 cigarettes per day and X15 cigarettes per day) according to average daily cigarette consumption.
Statistical analysis
The distribution of potential risk factors related to hypertension and major nutrient intake were described according to quartiles of total dietary protein intake. Continuous variables were expressed as caloric-adjusted mean values followed by variance analysis. Categorical variables were reported as percentages and compared by the w 2 test. Principal component analysis was used to identify the economic status of participants for the establishment of a fortune index based on occupation, communication and transportation tools, sources of water and expenses and incomes of the whole family for a month. We selected the first principal component to represent the fortune index and divided it into three groups (poor, moderate and rich) according to tertiles. 29 Many nutrients were significantly correlated, such as potassium, magnesium, calcium and fiber. 30 To avoid multicollinearity of nutrients in regression analyses, we drew two principal components by principal component analysis based on all potential nutrients that explained 70% of the total variance. The first component, 'fat' , exhibited the factor loadings of saturated fat, polyunsaturated fat, monounsaturated fat and cholesterol of more than 0.6. The second component was expressed as 'mineral' , with the factor loadings of calcium, potassium, fiber and magnesium above 0.83. Because of the correlation of carbohydrate and sodium with the first two components were below 0.2, we took the two principal components, carbohydrate and sodium as potential nutrition confounders in regression models.
Multiple logistic regression models were used to evaluate the associations of consumption of total protein, animal protein and plant protein with the incidence of hypertension. Odds ratios (ORs) for hypertension and their 95% confidence intervals (95%CIs) were computed for the second through fourth quartile (Q2-Q4) of protein using the first quartile (lowest intake, Q1) as a reference. The linear trend test across quartiles was evaluated using the median value of each quartile as a single continuous variable and was entered into the regression model. Four adjusted models were established for each protein group. Model 1 adjusted for energy only. Model 2 adjusted for the variable in model 1 plus demographic factors, including age, sex, education, family history of hypertension and fortune index. Model 3 adjusted for the variables in model 2 plus non-dietary lifestyle characteristics (physical activity, alcohol intake and smoking). Model 4 adjusted for the variables in model 3 as well as for BMI and potential dietary factors, including carbohydrate, sodium and the two main principal components, 'fat' and 'mineral' . Furthermore, we use multiple linear regression models to explore the effect of one s.d. increase in animal protein intake on blood pressure. All analyses were performed separately for men and women using SAS statistical software version 9.1 (SAS Institute, Cary, NC, USA). A two-tailed P valueo0.05 was considered statistically significant.
RESULTS
A total of 592 cases of hypertension (228 men and 364 women) among the 2241 residents were identified in the cross-sectional study. The prevalence of hypertension was 26.4% (29.5% in males and 24.8% in females). The mean age (s.d.) was 48.1 ± 11.5 years (49.5±12.2 years for men and 47.3±11.2 years for women). The mean BMI (s.d.) was 22.5±2.8 kg m À2 , and overweight individuals made up B29.1% of the population (30.4% for males and 28.3% for females). Approximately 24% of the participants were illiterate, and only 50.2% had completed 9 years of schooling. Farming and migrant works (85.9%) were the major economic sources.
Demographics, lifestyle and nutrient intake were organized according to quartiles of total protein intake by gender and are presented in Table 1 . Participants with a higher consumption of dietary protein tended to be older, better educated and wealthier. Those who consumed more protein were also engaged in higher levels of physical activity and were less likely to smoke or drink. Notably, a nonsignificant positive association was observed between total protein intake and alcohol intake in women. Protein consumption was positively associated with carbohydrate, calcium, magnesium, cholesterol and potassium intake and was inversely associated with total fat, unsaturated fat, polyunsaturated fatty acid and sodium intake. Dietary protein intake and the risk of hypertension Table 2 presents the total protein intake and its sources by age and gender. The protein intake of the participants was severely insufficient (51.7 g per day for males and 40.1 g per day for females), accounting for 56-71% of the Chinese recommended nutrient intakes and was especially worse in elderly women. In addition, the sources of protein were largely limited to plant foods, of which cereal was the greatest contributor and provided 57.5% of total protein. Animal protein occupied merely 20% of total protein intake, and the most commonly consumed food groups providing animal protein were red meat and dairy products/eggs. Plant protein accounted for a larger proportion of total protein in women than in men (80.1 versus 77.3%). Table 3 presents the ORs for hypertension according to quartiles of total protein, plant protein and animal protein by gender from the four adjusted models. We observed a nonsignificant association between total protein intake and the prevalence of hypertension in the caloric-adjusted model (model 1). The OR for hypertension was 1.12 (95%CI: 0.72-1.76) for men and 0.87 (95%CI: 0.62-1.22) for women between the highest and lowest quartiles. After controlling for demographic factors (model 2), non-dietary lifestyle factors (model 3) and BMI and dietary factors (model 4), the nonsignificant association between total protein and hypertension persisted for both genders.
A substantial increase in the risk of hypertension was observed with increasing quartiles of plant protein intake in men and women when adjusted for caloric (model 1). For example, for men, the ORs were 1.08 (0.69-1.71) in the second quartile, 1.24 (0.79-1.94) in the third quartile and 1.61 (1.04-2.50) in the highest quartile compared with the lowest quartile. However, after controlling for potential demographic confounders, lifestyle, BMI and dietary factors, this positive association was no longer significant.
A negative association was observed between animal protein intake and hypertension in women. The caloric-adjusted model (model 1) indicated that the OR of being hypertensive was reduced by 43% when the intake of animal protein exceeded 11.3 g per day (quartile 4, Q4) compared with less than 3.4 g per day (quartile 1, Q1). The results from models 2 and 3 were very similar, strongly suggesting that the negative association between animal protein and hypertension in women remained, even when controlling for demographic or lifestyle factors. Finally, when we added two main principal components derived from principal component analysis, sodium, carbohydrate and BMI into model 4, the association between animal protein intake and hypertension slightly decreased (OR ¼ 0.66, 95%CI: 0.45-0.96) but remained significant (P for trend o0.05). Among men, the association between animal protein intake and hypertension was not We further explored the magnitude of change in blood pressure and its relationship to animal protein intake (Table 4 ). An inverse association between animal protein intake and blood pressure was observed in females, but not in males, regardless of systolic or diastolic blood pressure after controlling potential confounders. In the caloric-adjusted model, one s.d. increase in animal protein intake resulted in a decrease of 1.155 mm Hg in systolic blood pressure and 0.441 mm Hg in diastolic blood pressure in males (P40.05) and a decrease of 2.145 mm Hg systolic and 1.014 mm Hg diastolic in females (Po0.001). With additional adjustments for potential demographics factors, the inverse association persisted in women. Furthermore, after controlling for all possible confounders (demographics, lifestyle, BMI and nutrients), the blood pressure changes became smaller but remained strongly significant in females ( À1.082, 95%CI: À1.975 to À0.189 in systolic blood pressure and À0.668, 95%CI: À1.232 to À0.105 in diastolic blood pressure). Animal protein intake appeared to affect systolic blood pressure more than diastolic blood pressure.
DISCUSSION
This population-based survey demonstrated that dietary protein intake in rural adults of Hanzhong was minimal and was confined to limited sources, which is in agreement with the trend of low caloric and protein intake in other rural areas in China. 17, 31, 32 Furthermore, given their poor nutritional status, women deserve more attention with respect to nutrient deficiency. Another important finding was that a significantly negative association was observed between animal protein intake and the risk of hypertension in women, but not in men. Increasing animal protein intake could significantly reduce both systolic and diastolic blood pressure in women. These findings provide important evidence that animal protein may partially reverse blood pressure elevation and suggest that the increasing animal protein intake might be helpful for controlling the prevalence of hypertension in rural areas of China, especially in women.
The food sources and dietary patterns of western and eastern countries differ significantly. [32] [33] [34] In China, the average protein consumption is 65.9 g per day, which is much lower than that in America and Japan. The Chinese obtain 25.1% of their total protein intake from animal products and above 60% from plants, 31 whereas the corresponding figures of the national survey for the Japanese in 2003 were 41 and 47% and were 42 and 33% for the Americans in 1998-1991, respectively. 33, 34 The participants in our study shared the same trend of low protein intake and similar food sources with adults in other rural areas in China, 17, 31, 32 but total protein intake of the participants (43.5 g per day) did not reach the national average level in rural areas (64.6 g per day) 31 or the nutrient reference values (70-80 g per day). 23 This could be explained by insufficient intake of animal foods (pork was only consumed once a week 35 ). Notably, in our sample, the nutritional status of women was much poorer than men, particularly with respect to the total protein and animal protein intake.
Our study detected no significant association between total protein intake and hypertension in men or women, although some studies have demonstrated that subjects with a high consumption of total protein experience a relatively low risk of hypertension compared with those who consumed little protein. 12 With respect to plant protein, a positive relationship with hypertension was observed but was not statistically significant after controlling for demographic characters, consistent with some studies 15, 36 in Asia but in disagreement with others, particularly those of western populations. 12 However, frequent consumers of animal protein were observed to experience a slightly decreased risk of hypertension, and the association was significant in women, independent of lifestyle and dietary confounders. Furthermore, the reduction of blood pressure, especially systolic blood pressure, was significantly associated with increasing animal protein intake in women. This finding suggests that increasing intake of animal protein might be helpful to control blood pressure, especially in those female adults with a dietary pattern of low animal protein intake.
There are several possible reasons for the difference between our results and others. First, a body of experimental and clinical evidence has indicated that a balanced dietary pattern, containing adequate dietary protein, is essential to maintain proper function and lower chronic disease risk. 23, 37 Thus, a rationale diet may have a positive effect in an unbalanced-nutrition population, specifically in less nourished subjects. 38 Attention should be paid to the fact that the consumption of animal protein in the participants of our study was far lower than the Chinese recommended nutrient intakes, especially in women. Therefore, in our study, the poor protein nutrition of women may partially be responsible for the gender difference in the effects of animal protein on hypertension. Second, although the reason that plant protein intake might be associated with the elevated risk of hypertension was unclear; 36 however, this association in our study might be confounded by carbohydrate intake. Some researchers have suggested that carbohydrate intake is a possible risk factor for hypertension. 38, 39 For the Chinese, carbohydrate intake is mainly derived from plant foods such as cereals, and carbohydrate intake is generally higher than in western population. The data from the national survey of China indicated that the mean carbohydrate intake was 329.7 g per day in Chinese rural residents, whereas this figure was 280.0 g per day in the Americans, 31, 40 and over one-half of the protein intake was obtained from grains in Chinese rural residents. In our study, B53.1% of protein was from cereal, and a strong positive correlation was also observed between carbohydrate and total protein intake or plant protein intake (r ¼ 0.62, Po0.01; r ¼ 0.79, Po0.01). Moreover, among protein consumed by women, B80.1% was from plant foods, which was slightly higher than that consumed by men (77.3%). These data indicate that plant foods are sources of both carbohydrates and proteins for the Chinese, and it is likely that the association between plant protein intake and hypertension in our study is confounded by carbohydrate intake to some extent. Finally, another possible explanation for the gender difference is that cigarette smoking may weaken the association between diet and disease. 41, 42 In our study, most of the smokers were men, which may account to some extent for the insignificant effect on men. In addition, ovarian hormones might affect the association between protein and blood pressure among women. 43 The biological mechanism by which dietary protein influences the risk of hypertension and the varying effects of plant protein and animal protein intake remain unclear. One possible explanation is that specific amino-acids abundant in animal protein may lead to changes in the blood vessel wall or in the central nervous system, thereby protecting the cardiovascular system. 44 Plant protein makes up a larger proportion of the Chinese diet than does protein from animal sources, but its nutritional quality is lower as an incomplete protein, unless specific foods are combined for protein complementarity. 45, 46 Furthermore, diets rich in sulfated amino acids such as L-arginine, taurine and methionine, which are diets rich in animal foods, have been suggested to be relevant to the protective effects of lowering blood pressure levels in human. 46 In animal trials, other amino-acids abundant in animal protein, including tryptophan and tyrosine, have also exhibited a chronic antihypertensive effect. 47 The strengths of the current study include large-scale recruitment of individuals living in the rural areas, strict eligibility criteria, Dietary protein intake and the risk of hypertension R Liu et al sex-specific analysis and excellent adherence to the survey. However, there are a number of potential limitations. First, the prevalence of hypertension and the dietary protein intake of adults was investigated simultaneously according to the cross-sectional design, so it is difficult to reveal the real causal association. 48 Second, the survey was conducted at a single site, which may restrict the application of the results to broader populations. Third, the FFQ data were self-reported and therefore may have been affected by the knowledge of food portions and composition and by the ability to recall the foods that the participants consumed. 49 Finally, in this cross-sectional study, even after controlling for some potential confounders, we cannot fully rule out all other unobserved confounding factors. 10 Therefore, we adjusted for major affecting factors in our study, including sociodemographic status and lifestyle, which may possibly confound the association between diet and hypertension that has been reported in previous studies. We also controlled for other nutrients that could interfere with the effect of dietary protein on blood pressure. For example, excessive intake of sodium is regarded as an important factor that can elevate blood pressure, and we observed that participants with a higher intake of protein tended to take in less sodium. Therefore, we adjusted for sodium in the final models. However, the effect of sodium on blood pressure in the Chinese population appears to be limited, because excessive sodium intake was very common among our participants, but no significant risk of hypertension related to dietary sodium was observed (P40.10), which is in agreement with other Chinese studies. 50 In summary, our study provides worthy information on the dietary and nutritional status of rural Chinese residents as well as the association between dietary protein intake and hypertension in this population. We found that women exhibited poor nutritional status and consumed proteins mainly from plant sources. Animal protein intake was negatively associated with a lower risk of hypertension in women, but no significant relationship was observed between total or plant protein intake and blood pressure. Furthermore, larger-scale cohort studies are needed to evaluate our findings and to examine the effect of amino acids or protein from specific sources in broader populations. The results of this study imply that increased animal protein intake might be helpful in controlling the prevalence of hypertension in rural areas of China, especially in women consuming an unbalanced diet with low animal protein intake.
